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TTTRRAPEtmC AGENTS 
The presso.t mvention relates to a novel class of compounds, ihftiV 
salts, pharmdceutical compositions comprising themj, processes for maidiigf 
tliemandilieiruseinlhjBmpy ofl3^ In parfcictdar, the 

5 inventton. relates to novel sulpharoide derivatives which modulate the 

procsfismg of APP by Y-sMretas©, and hence are nseful in the taneatment or 
prevention of Abdiieinier^s disease. 

Alzheimez's disea&o (AD) id the most prevalent form of dementia. 
Although primarily a disease of the elderly, affecting tip to 10% of 
10 population over the age of 65, AD also affects signifieant numbers of 

youxxger patientB -vnth a genetic predisposition- It is a nenrodegenerative 
disorder, dinically characterized Toy progressive loss of memory and 
cognitive function, and pathologically characterized by the deposition of 
extracellular proteinaceous plaques in the cortical and associative brain 
16 regions of sufferers- These plaques mainly comprise fibrillar aggregates of 
^-amyloid peptide (A^). The role of secretases^ including the putative Y- 
secretase^ in the processixig of amyloid precursor protein (APP) to form A^ 
is well documented in the literature and is reviewed, for ei^ample, in WO 
01/70677, 

20 There are relatively few reports in the literature of compounds with 

inMbitory activity towards Y-seciietase» as naeasnred in cell-based assays. 
These are reviewed in WO 01/70677. Maiqr of the relevant compounds axe 
peptides or peptide derivativee. 

WO 01/70677 and WO 02/36565 disclose, respectively, 

25 sulphonamido- and sulphamido-substituted bridged bicycloalkyl 

derivatives which are believed to be usefiil in the treatment of Alzheimer's 
disease, but do iiot disclose or suggest compounds in accordance with the 
present inventian. 

The present invention provides a novel class of bridged bicydoalkyl 

80 sulphamide derivatives which show a particularly strong inhibition of the 
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processing oflAPP by tihie putative Y-secxetase, and thus are usefiil in the 
treatment or prevention of AD. 

Accozxiling to the inv^tion ther^ is prcrvided a compound of formula 




wherein the psirassole group is attached at one of tlie positions indicated by 
an asterisk and X is attached at a position adjacent thereto; 
X represents H, OH, Ci-ialkosy, d or P; 

At represents phenyl or e-membered heteroaiyl, either of whiclL 
bears 0-3 substitaents independently selected fiom halo^n, OF3, CHFsi 
CH2F, NO2, CN, OCFs, Ci-salkyl and Ci^alfcoxy; 

BJ- represents a hydrocarbon group of 1-5 carbon atoms which is 
optionally substituted with up to S halogen atoms; and 

represents H or a hydrocarbon group of 1-10 carbon atoms which 
is optionally substituted with up to S halogen atoms; 

provided that when X is H!^ does not represent 2^,2- 
triiluoroetiborl; 

or a pharmaceuticaUy aco^able salt thereof 

It will be readily apparent to those skilled in the art that any 
compound in accordance with formula I may esist in two enantiomeric 
fonEis, depending on which of the ring positiozis indicated by an asterisk is 
bonded to the pyrazole ring* Formula I thus encompasses enaniiomers of 
fixrmulae Ila and ICb: 
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•whBrein X, Ar, and are as defined preiviously; 
and also eziazxiioiners of fomuilae Xlla and lEIb: 




wherein X, Ar, and B? are as defined prerviously. 

It will also be apparent that when X represents H formula Ha is 
identical to formula Ilia and foxxaula lib is identical to formula IHb, 

It is to be emplmsised il^at the invention^ for eaich compound in 
accorda nc e with formula I, encompasses both enantiomeric forms, either 
as homjochiral c^nrpounds or as nnxtures of enantiomegrs in any proportion. 




In a preferred embodimezxt of the iziventiona the compound of 
fbnnala I is a homochiral compoimd of foAXLula Ha or fonxiida rHa, or a 
pharmaceutically acceptable salt thereof! 

Where a variable occurs more than once in formula I or in a 
5 substitueat thereol^ the individual occurrences of iihat variable are 
independent of eacih other, unless otherwise specified. 

As used hjerein, the eaqpression "bydrocarbon group" refers to groups 
consistingf solely of carbon and hydrogen atoms. Such groups may 
comprise lioBar, branched ot cyclic structures^ singly or in aqy 
10 cambination consistent with the indicated TTfiaxiTrmTTi nuznber of carbon 
atom^, and may be saturated or unsaturated, including aromatic when the 
indicated m?^yimuTn number of carbon atoms so permits. 

As used herein, the expression ''Ci-xalkyr' where x is an integ^er 
greater than 1 refers to straight-chained and branched alkyl groups 
16 wherein the number of constituent carbon atoms is in the range 1 to 

Particular alkyl groups are methyl, ethyl, n-propyl, isopropyl and t-butyl. 
Derived expressions such as *C5a-fialkenyi*» *liydro^qyCi--6eltyl''* 
''heterbaiylGa.ealkyr, "Cz-sallcynyl'' and "Ci-dalkosy" are to be construed in 
an analogous manner. Most suitably* the nuxnber of carbon atoms in such 
20 groups is not more than 6. 

The e:]qpressdon '^-oc^ycloalkyl'' as used hereux refers to nonaromatic 
maaocyclic hydrocarbon ring srjrstems comprising from 3 to 6 zin^ atoms. 
Examples include cydopropyl^ cyclobutyl, cyclopentyl, cyclohexyl and 
qycIohexenyL 

25 The expression "cycloalkylalkjrF as used herein includes groups 

such as cyclopropyhnethyl, cyclobutylmethyl^ cyclopentylmethyl and 

pyclohexylmethyl- 

The term halogen'' as iised herein includes fLnorine, chlorme^ 

broroine and iodine, of which fluorine and chlorine are preferred. 
30 For use in medicine, the compounds of formula I may be in the form 

of pharmaceuticaUy acceptable salts. Other salts may, however, be useful 
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in the prepaxation cf i3xB compounds of formula I or of their 
pharmacexitically acceptable salts, Stiifcabia pharmaceutically acsceptable 
salts of the compounds of this invention inclnde acid addition salts which 
niay> for example, be formed by xniying a solntion of the compound 
5 according to the invention with a solution of a pharmaceutically acceptable 
acid such as hydrochlDric add, sulphimc add, zxiethanesulphonic add» 
benzenesulphonic add, fumaric add, maleic add, succinic add» acetic add» 
b^nsoic add, o^calic add, dtdc add, tartaric add» carbomo add or 
phosphozic add. Alternatively, wh^re the compound of tihe invention 
10 carries an acidic moiety, a pharmaceutically acceptable salt may be formed 
by neutraEsatian of said addic moiei? with a suitable base. Examples of 
pharmaceutioally acceptable salts thus formed indude allcf^ li metal salts 
such as $odium or potasdum salts; ammonium salts; alkaline earth metal 
salts such as ealdum or magnesium salts; and salts formed with suitable 
15 organic bases, such as axoine salts (including pyridinium salts) and 
quaternary ammoniima salts- 

Where the compounds according to the invention have at least one 
asyzametric centre, they may accordingly exist as enantiomers. Where the 
compoimds according to the invention possess two or more asymmetric 
20 centres, they may additionally esist as diastereoisomere It ie to be 

xmderstood that all sudi isomers and mixtures thereof in any pzoportian 
are encompassed within the scope of the present invention. 

In the compounds of formula I, X preferably represeaits H, OH or P, 
more preferably H or P. In one particular embodiment, X is H. 3Euanother 
25 particular embodiment, X is F. 

Ar represents phenyl or B-membered heteroaryl, either of which 
bears 0-3 substituents independently selected from halogen, CFa, CHr2, 
CHsaF, NOs, ON, OCF3, Gi^alkyl and Ci-Galkosgr. Esamples of suitable 6- 
m^snhered heteroaryl groups represented by Ar include pyridyl, pyrazinyl, 
30 pyrimidinyl, pyridazmyl and triasinyl, of which pyridyl is a preferred 
example. Preferably, the phenyl or heteroaryl ring bears 0 to 2 
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su*bstituent$. Preferred substltuents include hali^en (especially chlorine 
and fhiorine), ON, Cx^alkyl (especially methyDp Ca-ealkoxy (especdally 
methosy), OCFa and CPg. If two or more siabstituents are present, 
pre&rably not roore than cme of them is other than halogen or aUbyL 

5 Examples of groups represented by Ar indade phenyl^ monohalophenyl^ 
dihalophenyl^ trihalqpheny], cyanophenyl, metliylpihenTl, methoxTphenyl, 
trifluorometahylphexiyl, iafflxiarom^thosypliue^ pyridyl, monohalopyridyl 
and trifluoromethylpyridyl, wluerein "halo" refers to fLuoro or cfaloro. 
Suitable specific values &r Ar inclnde 2-fLuo[raE>hen3d> 2-chlorophenyl» 3- 

10 fluorophenyl, 4-fluorophenyl, 4rchloroph6oyl» 2,4-difliioroplien3^, 2,4- 
dichlorophenyl^ 3,4-diQnoTophenyl, 3,4-dichlarophenyl, 3-chloro-4- 
fluoroplienylj 3,4;5-triflluorophenyl, 4-eyanaphenyl> 4-inetbylphenyl, 4- 
methoxyphenyl, 2-Ctrifliioromethyl)pb.enyl, 4-(tpifluoromethyl)phenyl, 4- 
(trifluoromethoxy)pheiiyI, pyridia-2-yl, pyridia-3-yl, pyridin-4-yl, pyrazin- 

15 2-yl9 5-methylpyridin-2-yI, 5-fluDropyridin-2-yl, 5-chloropyridin-2-yl, 5- 
(trifluoromfithyl)pyridin-2-yI and 6-(trifluoromethyl)pyridin-3-yl- 
Preferred examples include S-flixorophenyl, 2-chloroplienyl, 3-fluoraphenyL, 
4-£hiOTophe33yl, 4H£hloTOplienyl, 2,4-dijElaorophen3d, 2,4-didhlorophenyl, 3,4- 
difluoropheiiyi, 3,4-dichlorophenyl, S-chloro-4-fluorQp!ien^a 4- 

20 Ctriauoaromethyl)phenyl, pyrLdm-2-yl, pyridin-S-yl and K7iidin-4r-yL 
In a partieularly pra^bred ernbodiment, Ar reparesents 4- 
fliLoropIienyl. 

represents a hydrocarbon group of 1-5 carbon atoms wbichi ie 
optionally substitated with tip to 3 halogen atoms^ and thus may comprise 

25 cyclic or acyclic hydrocarbon residues or combinations thereoi^ saturated 
or unsaturated, up to a maximum of 5 carbon atoms in total. The 
hydrocarbon group represented by is preferably imsubstituted or is 
substituted with up to S fluorine atoms Examples include methyl, ethyl, 
n-propyl, isopropyl, n-butyl, sec-lnrlyl, t-butyl, fluorometliyl^ 

30 . difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl, cyclopropyl. 
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cydopropylmethyl and allyL Preferred examples indude methyl, ethyl 
and 2,2,2-trifltLDroethyL Most preferably, represents methyL 

H2 represents H or a hjndrocarfeon group of 1-10 carbon atomjs which 
is optionally substituted witibt up to S halogen atoms, with the proviao that 
S when X is H, does not represent 2,2,2-trifluoroetbyL Suitable 
hydrocarbon groups represented by indude aUsyl, cydoal^l, 
cydoallsylalhyl, alkenyl and benzyl groups optaonally bearing^ up to 3 
halogen substLtuents, the preferred halogen substituent being fluorine or 
dilorine, especially fluorine. Saidalkyl, CTdoaUcyL oydoalkylallsyl and 

10 alkenyl groups typically comprise up to 6 carbon atoms. Examples of 

groups represented by R^ indude benzyl, n-propyl, 2,2-dimethylpropyl, 
n-butyl, isopropyl, t-butyl, 2,2,2-trifluoroethyl. S,3,3-fcrifluoropropyl. allyL 
cydobuiyl and cydopropylmethyL 

Ksamples of compounds in accordance with the invention include 

15 compoxmds of formula Ila or formula lUa I whidi Ar is 4-fIuorophenyli R^ 
is methyl and X and W are as indicated in the following table: 



Formtila (Ha or ULa) 


X 






F 


2,2,2-trfflaoi»ethyl 


ma 


P 


2,2,2-trifliiaroethyl 




OH 


2,2,2-t£ifluoro6£hyI 


* 


H 






H 


H-prOpyl 


* 


H 


2,2-diiueth.ylpropryi 




H 


eyclobutyl 




H 


Ijenzyl 




H 


n-bulyl 




H 


cycloprOpylmeifayl 


* 


H 


3,3,3-trxflvoropropyl 


* 


H 


isopropyl 


* 


H 


t-butyl 




- when X is H, &rmulae Ila and IHa are identical. 
The compounds of tlie present invention have an aetivity as 
ixihibitors of y secretase. 

The invention also provides pLharmaceuticaLL compositioiiB 
5 compiiszzif one or more compounds of tins invention and a 

j^iiaxmaceuiically accseptable carrier^ Preferably these compositions are in 
imit dosage finms such as tablets, pills» capsules, jKywders, granules, 
sterile parenteral solutions or suspensions, metered ajerosol or Hquid 
sprays, drops, ampoiiles, transdermal patches, auto-iigector devices or 

10 suppositories; for oral, parenteral, iutranasal, sublingual or rectal 

administration* or for adroinxstration by inhalation or zxiBufQation. The 
principal actilve ingredient typically is mixed with a pharmaceutical 
cairier, e.g, conventional tahleting' ingredients such as com starch, lactose, 
sucrose, sorbitol, talc, stearic acid, magnesium stearate and dicalcium 

15 phosphate, or gums, dispersing agents, suspending agents or sur&ctants 
such as sorbitan monooleate and polyethylene glycol, and oth^ 
pharmaceutical diluents* e.g. water, to form a homogeneous 
preformrQation composition contaimng a compound of the present 
inv^tion, or a pharmaceutically acceptable salt thereof. When referrmg 

20 to these prefinrmulafion compositions as homogeneous, it is meant that the 
active ingredient is dispersed evenly throughout the composition so that 
the composition may be readily subdivided into equally effective unit 
dosage ficirms such as tablets, jnlls and capsules. This prefbrmulatioa 
composition is then subdivided into unit dosage forms of the type described 

25 above containing from 0-1 to about 600 mg of the active ingredient of the 

present invention. Typical unit dosage forms contain from 1 to 100 mg, for 
example 1, 2, 5, 10, 25, 50 or 100 mg, of the active ingredient. Tablets or 
pilla of the novel composition can be coated or otherwise compounded to 
provide a dosage form affording the advantage of prolonged action. For 

30 example, the tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the &rm of an envelope over the 
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former. The two components can be separated by an enteric layer which 
series to resist disintegration in the stomach and permits the inner 
component to pass intact into the dwdennm or to be delayed in release. A 
variety of materials can be need for such enteric layers or coatings, such 
materials including: a number ofpolymetie acids and mixtures of polymeric 
adds with smii materials as shellac, celyl alcohol and celltilose acetate. 

The liquid forms in which the novdl compositicGas. of the present 
invention may be incorporated for administration orally or by iiyection 
include aqueous solutions^ liquid-* or gelrBILed capsules, suitably flavour^ 
syrups, aqueous or oil suapensionSj, and flavouored emulsions with edible 
oils such as cottonseed oil, sesame oil, coconut oil or peanut oil, as w^ll as 
elixirs and fiTmilar pharmaceutical vehicles. Suitable dispersing or 
suspending agents for aqueous suspensions include synthetic and natural 
gums sudhi as feragacanth, acacda, alginate, dextran, sodium 
carbosymethylcellulosfi, methylcellulose, poIyCethylene glycol), 
polyCvinylpyrrolidone) or gelatin, 

The present invention also provides a compound of the invention or 
a pharmaceutieally acceptable salt thereof for use in a method of 
treatment of the human body. Preferably the treatmrait is fer a condition 
associated with th^ deposition of ^-amylQid. Preferably the condition is a 
neurological disease having associated ^-amyloid deposiiion such as 
Al^heimer^s disease. 

The present invention further pafovides the use of a oompound of the 
present invention or a pharmaceuticaUy acceptable salt thereof in the 
manufecture of a medicament JEbr treating or preventing Alzheimer's 
disease. 

Also disclosed is a method of treatment of a subject sujBFering from or 
prone to Alzheimer's disease which comprises administering to that 
subject an effective amount of a compound according to the present 
. invention or a pharmaceutically acceptable salt th&eof. 



-10- 



T1599PV 



For treating or prerontingr Alzheimei^s Disease, a suitable dosage 
level is about 0.01 to 250 mg/kg per day, preferably about 0-01 to 100 
ang/fcg per day, more preferably about 0,06 to 60 mg/ks of body weight per 
day^ and fi>r the most pxefeired compoixads^ about 0.1 to 10 mg/kg of body 
weight per day. The compoimds may be admizdstered on a regimen of 1 to 
4 times per day. In some casesj however, a dosage outside these limits 
may be used. 

Compounds of formula I in which is other l^han H may be 
pregpared by reaction of an azizidiae derivative (1) with R^rnh^* 




wherein the p3?ra2ole group is attached at OTie of the positions indicated by 
an asterisk and X is attached at a position adjacent thereto, is IBfi that 
is other than H> and Ar and R^ hav8 the same meanings as before. The 
reaction may be carried out by heatiz^ the reagents at 100*G in DMSO in 
a sealed tube for 16 hours, 

Correspondiiog compoimd$ wherein is H may be prepared by 
ii^eactix^ an azLridine (1) with p-metbosybenzylamine in the manner 
described above, ^d treating the product with trifiuoroacetic add at 
ambient temperature to remove the p-methosybenzyl group. 

The azizidines (1) may be prepared by reaction of imines (2) with 
triinethylsulphoxonimn iodide in the presence of sodium hydride: 




where X, Ar and have the same meanings as before. TkxB reaction takes 
place in DMSO at ambient temperature. 



t 
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15 



The imines C2) may be prepared by condensation of ketaoea (3> witit 
Me2NS02NHa: 



wbere X, Ax and E,^ bay© the same meanings as before. The reaction ma; 
be carried out by refluadng the reagents ia TEIP in the poresenca of 
titanium (IV) ethoxide for 16 hours, 

The kotones (3) may ba prepared by coupling of boroxiates (4) with 
pyrazole deriva'tives (5): 



wherein m represents H or Ci-caliyl, or the two OW groups complete a 
cycKc boronate ester such as the pinacolate, L represents a leaving group 
Buch as triflate. bromide or iodide (preferably triflate), and X, Ar and Ri 
have the same meanings as besfore. The coupling takes place in the 
presence of a Pd catalyst such as 

te*mAisCtriphenylphosphm6)palladimn(0), typicaUy in the presence of an 
morganic base such aa potassium acetate or potassium carbonate in DMP 
at lOO'C. 

Boronates (4) msy be prepared by reaction of triflates (6) with a 
suitable borrai reagent, such as bisCpinacolato)diboron: 
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wherein Tf represents taifluoromethaiiesulplionyl and X has the same 
meaning afi before. The reaction takes place under similar conditions as 
the coupling' of (4) and (6), althoug^h tte preferred catalyst is [1,1'- 
bi§(dijfcenylphosphino)f(OToeeneIdichlor^ 

TrifLates (6) are prepared from phenols (7) by reaction with tzifiic 
anhydride: 




OH 



where and X has the same meaning as before. The reaction taJses place in 
dichloromethane solution at O^'C in the presence of a base such as pyridine. 

The phenols (7) in which X is H are known in the literature (J. Org, 
CheiEL 1982, 47, 4329)^ and the otiber compounds of formula (7) may he 
prepared analogously, or by suitable manipulation (e.g. halogenation) of 
(7)(X = ED, 

Fyrazdes (5) in which L is tiiflate are accessible from the reaction 
of aliynes Ar-CfcC-CQaMe with RiNHNH^ and treatment of the reBulting 
pyrazolones with triflzc anhydzide. Pyrazoles (S) in which L is Br are 
available by reaction of nonaflates (8) with ArZuBr: 




(8) 



where Nf represents nonafluorobutanesrO&nyl, and Ar and ha.ve the 
same meaning as before. 

In an alternative route to the compounds of formula I, triflates (9) 
are coupled with pyra2ole stannanes (10): 



-IS- 




wliere X, Ar, R^, and Tf have the same meaBings as before, Th6 
coupling takes place in the presence of a Pd catalyst such 

teiraAc5(feriphenylphosplune)paIladium(0X in tbe presence KthittOa chloride 
in dioxan at 100°C. 

Triflates (9) may be prepared by conv^Bion of the ketone group of 
(7) to a cyclic siJphainide moiety by the process described above, and 
treatment of the phentrifio product with triflic anhydride. Stamiane . 
derivatives (10) may be prepared as described for Intennediate D in the 
Escamples herein. 

The phenol precursors of triflates (9) in which X is H are aroenable 
to chemical manipulation (e.g. fluorination) to provide coxxesponding 
copnpounds in which X is otihier than H. Altemafavely, said phenols anay be 
iodinated to provide the cDrrespondiog ortAo-iodophenols^ which may be 
transformed into boronates (4) (X = OH) and coupled with pyrazoles (5) to 
provide compomidfi of formula I in which X is OH, 

It will also be appreciated that where more than one isomer can be 
obtained from a reaction then iiie resxUting mixture of isomers can be 
separated by conventional means. 

Vfheve the above-described process for the preparation of the 
compounds according to the invention grves rise to mistures of 
stereoisomOT3, these isomers may be separated by conventional technixiaes 
such as preparative chromatography. The novel compounds may be 
prepared in racemic form, or individual enantiomers may fae prepared 
either by enantiospecific synthesis or by resolution. The novel compounds 
may, for example, be resolved into ihmr componeAt enantiomers by 
standard techniques such as preparative HPLO, or the forcnation of 
diastereomeric pairs by salt formation with an optically active acid, such 




as W-di-p-toluoyl-d-tartaxic add and/cjr (+)-di-p-tolizoyl-l-tartaric acid, 
followed by fractional crystaUizatioxi and regeneratLon of the free base. 
The novel compounds may also be resolved by formation of diastereomeiic 
. esters or amides^ followed by chroznatograpbic separation and removal of 
5 the cbiral ausHiary. Altemafdvely^ such techniques may be caixied out on 
racendc synthetic precursors of the oompounds of interest* 

In a preferred route to enantLomerically pure compounds of formula 
I» r acemic intermediates (7) are sutg'ected to preparative chiral HPLC to 
provide the corresponding Lomodhdral intermediates^ which are then 
10 converted to homochiral comjxjunds of formula I by the routes indicated 
above. 

TiThere they are not commercially available, the starfdng materials 
and reagents used in the above-de&cnbed synthetic schemes may be 
prepared by conventional means. 

15 During soiy of the above synthetic sequences it may be necessary 

and/or desirable to protect sensitive or reactive groups on any of the 
molecules concerned. This may be achieved by means of conventional 
jpai^at&dms groups, such as those described in Protective Groups in Oisanic 
Cbexnistzy. ed. JJF.W. McQmie, Plenum Press, 1973; and T,W. Greene & 

20 P,G JML Wuts, Protective Groups in Organic Synthesis John Wiley & Sons, 
1991. The protecting groups may be removed at a convenient subsequent 
sta^ using methods ^ownfrom the art. 

An assay which can be used to determine the level of activity of 
compoxmds of the present invention is described in WOOl/70677. A 

25 preferred assay to determine such activity is as foUows: 

1) SH"SY5 Y cells stably overespressing the pAJpP C-termiual fragment 
SPA4rCTy are cultured at SO-70% confluency. lOmM sodium butyrate is 
added 4 hours prior to platings. 

2) Cells are plated in 96-well plates at 35,00O ceUs/well^lOOuL in 
30 D^ilbeccos xninimal essential mediimi (DMEM) (phenol red-free) + 10% 

foetal bovine serum OPBS), SOmM HEPES bufier CptEr7.3), 1% glutamine. 
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3) Make dilutions of the compoimd plate. Dilute stock soluticn 18.2x 
to 5,5% DMSO and llx ixoal eoiDpound concentratioii. Mix compounds 
vigorously and store at 4°C xjntil use, 

4) Add lO^iL cdmpound/well, gently mix and leav© for ISh at 37"'C3 5% 
COa- 

5) Prepare reagents necessary to determine amyloid peptide levels, &r 
example by Homogeneous Time Sasolved Fluorescence OBTRF) assay. 

6) Plate 160|aL aliquots of BTBF reag^t mixture to eack well of a 
black 96-well HTRP plate, 

7) Transfer 40fiL conditioned supernatant from cell plate to imtF 
plate. Idis: and store at 4°C for IS hours. 

8) To determine if compounds are cytotoxic following compound 
a dmiT ii sfaation^ cell viability is assessed by the uae of redox dye reductLon- 
A typical example is a combination of redox dye MTS (Promega) and the 
electron coupling reagent PES. This mixture is made up according to the 
manufacturer's instructions and left at room temperature, 

9) Add lOjiL/weU MTSiPES solution to the cells; mix and leave at 

10) Itead plate when the absorbance values are approximately 0.4 — 0.8. 
(Mix briefly before reading to disperse the reduced fi)rmazan product). 

11) Quantitate amyloid beta 40 peptide using an HTRP plate reader. 
Alternative assays are described in BiocTismistry^ 2000, 39(30)^ 

8698^704. 

See also, J. Neurosciance Methods^ 2000, 102, 61-68. 

The compounds of the present invention show unexpectedly high 
affinities as measured by the above assays. Thus the following Examples 
all had an ED50 of less than lOOnM, typically les$ than lOnM, and 
frequently less than Xt>M in at least one of the above assays. In general, 
the compounds also exhibit good oral bioavailability and/or brain 
penetration, and are largely free jfrom imdesirable biological interactLons 
likely to lead to toxic side effects. 




The foUomng eKaxnples illustrate the present invention. 

'EXAMPLES 

Intennediate A 




5 To a solution of methyl 4-(flnorophenyl)propyaoate (J. Org- Chem, X9S7, 
£2(16), 3662-8) (13g , TSmmol) in methanol (60ml) was added water (eOml) 
followed by inethylhydrazine (4nLL, 77mmol), the mixture was stirred &r 
6hrs at BC^C then left to stand ovemi^t. The solid was filteered apd 
washed with water then a imnimum volume of methanol and dried 
10 overnight, affording^ Y.Tg of 5-(4-fluorophjenyl>l-xQethyl-l,2-- 

dihydropyrazol-3-one (55%). S (^H, SOOMSa, CDClg) 3.68 (SH, s), 6,68 (IH, 
s), 7,13-7.17 C2H, m), 7.37-7.40 C2H, m). 

To a cooled suspension of the above pyrazolone (IS.Sg:^ 81 mmol) in dry 
pyridine (lOOml) was added in three portions trifluoromethanesulfonic 

15 anhydride (24g, S5 mmol) maintaining the temperature below 5^0^ The 
cooling bath was then removed and the readion was stirred for two hours 
before pouring into 2M hydrochloric add and estracfcing into ethyl acetate. 
The organic layer was washed with brine, saturated sodium hydrogen 
carbonate, and dried (sodium sulphate), filtered and evaporated to yield a 

20 residue which was dissolved in toluene and evaporated and then dissolved 
in isohexane and filtered thxongh a plug of silica, eluting with 
didbloromethane. The solvent was evaporated to yield product as a 
colourless oil (23-'^, 89%) 5 im, 500MHz, CDOla) 3,80 (3H,b), 6-14 (IH. s), 
7.16-7.19 (2H, m), 7.38-7,42 (2H, nO. 

25 

ln.termediate B 
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Racemio 2-liydroxy-5,6J,8,9,l(MieKahjrdro-6,9- 

zaethanobemzota] [SJamniLeii-ll-oiie CJ. Org. Chem. 1982, 47, 4329) was 
5 resolved using a Bezger SFO Beind-preparatiTe instrumisnt (chiralpak AS 
C25 X 2 cm, 20 uzn);15% MeOB/COs @ 60 ^^ Jy^fn : S5«C; 100 bar}, 
Tetainin^ tiie second elixted enantioiner. 

To a stirrBd solutiozx of Oie hoxoodxiral plidaol (6.83g, 84 mmol) m diy 
DCM. (40 niL) at 0*C under niirogea was added pyiidine (3-S wT.^ 47 

10 nuaol) folJtowed by triflic anhydride (8.0 mL, 47 Miii^ "The reaction was 
stirred at O^C fbr 2 hours, water (40 mL) added, the layers separated, and 
the aqueous layer estracted with DCM (3e2). The combined extracts were 
washed with brine (xl), dried (MgSO^), filtered and evaporated. The 
residue was purified by dhromatography on ailica, eluting with 10-15% 

15 EtOAc/bexane, to give the triflate C9.64g, 86%). <:400MHz ^H, S-CDCIa) 1.2fi 
(2H, m). 1.92 (2H, m), 3.64 (2H, m), (4H, m), 7,13 (2H, m), 7.29 

(IH, m). 




20 

A solution of the triflate from Step 1 (9.64 a 29 mmol), l.r-Hs 
(diphenylpliQ6phiiio>ferrocene (1.60 g, 2.8 mmol), bie(pinaoolato)diboron 
(8.0s g, 32 mmoD and KQAc (8.49 g, 86 nunol) in dry DMF (200 mL) was 
deosygsnated by bubbling nitrogen through the solutioodi for 20 mimrtes. 
25 Cl,l -Bis (dai>he3Qylphosphino)ferrocene] palladium dD chloride (2.354 g, 
2.9 mmol) was added and deoiiiygenalaon. was continued for a ftirther 10 
■minutes. The reactaon was heated at lOO'C fbr 4 hours, then allowed to 




cool and diluted with water (400 toL)- Hie catalyist was removed by 
filtratioii tibxoisgh Hyflo^ and tJie filtrate was e^ttracted with EtOAc (x3). 
The combined ertracts were washed with water then brine, dried OVSgSO-O, 
filtered and evaporated. The residue was purified by chromatography on 
6 silica^ fluting with 10-20% EtOAc/hescane to ^e the product (7.39 gTi 82%}. 
(aeOMHz S^CDGLs) 1.29 (2H, m), 1.3S (12H; s), 1.85 (2H, mX 2.59 (2H, 
m), 2,84-3.01 (4H, m), 7.21 (IH, m), 7.63 (2H, m). 

jStgpS 




A solution of the boronate &om 3tep 2 (2.06 6,6 xo»lo1)> Intermediate A 
(1,95 6.0 mmol), aad sodium carbonate (0.70 6.6 mmol) in dry DMF 
(30 mL) was deosygenated by bubbling mtrogen through the solulion for 
30 minutes. TetraMs (triphenylphasphiae) palladium (0) (0,52 g, 0.45 
15 mmol) was added and deosygenation was continued for a further 10 

minutes- The reaction was heated at lOO'^'C for 16 hours then allowed to 
cool and diluted with water (40 mL). The catalyst was removed by 
jSltration through Hyflo® and the filtrate was «faracted with EtOAc Cs3)- 
The combined e3:tracts were washed with water tiben brine, dried (IMlgSO^O, 
20 jBItered and evaporated. The residue was purified by chroroatograi^^ 

silica, eluting with 10-40% EtQAc/hexane to give the product (1.52 64%). 

(400MHz iH, aODClg) 1.37 (2H; m), 1.87 (SH, m), 2.61 (2H:, m), 2.89-3.09 

(4H, m), 3.91 (3H, s), 6-58 (IH, s), 7.15-7.26 (3H, m), 7.44 (2H, m), 7-61 

(IH, m), 7,71 (IH, m), MB (ES+) 361, 3!flH+ 

25 

Step 4 
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A solution of the ketone &om Step S (0.360 1.Q mmoD» N,N- 
dimethylsul&mide (0.620 6-0 mmol) and titanium (IV) ethoside (tech., 
0.63 ulL, 3.0 mmol) in dry THf (5 mL) was stirred and heated at refl^^x 
under nitrogen fcr 16 honxs. Tlie reaction was allowed to cool to room 
temperattire, poured into rapidly stirred brine (60 mD^ stirred for 1 honr, 
then filtered through Hyfio®, washing with EtOAc. The layers of the 
filtrate wei^ separated, and the aqueous layer was exti^acted with EtOAe. 
The combined organic extracts were washed with b2±ae, dried CMgSO^), 
filtered and evaporated. The re^due was purified by chromatography on 
silica, eluting with B-20% EtOAc / DCSM, to giire th© imine (0.383 82%). 
MB GES+) 467, MH+ 



StenS 




Sodium hydride (60% dispersion in oil, 0,223 g, 6/7 imnol) was added 
portionwise to a stirred suspension of trimethyl sulfoxonimn iodide (1,261 
g, 5.7 nunol) in diy DMSO (10 xnL) at room temperature under mtrogen* 
After 1 hour at room temperatare^ a sohiAion of the imine from Step 4 
(1.783 3.8 mmjol) in dry DMSO (15 mL) was added such that the 
internal temperature remained below 30°O. The nsisctuxe was stirred at 
room ten:i|3erature for 2 hoin?s, then quenched with water (40 roL). The 
reaction was extracted with EtOAc and the combined ozganic escbracts 
washed with water then hiine, dried (MgSOi), filtered and evaporated. 
The residue was purified by chromatography on silica, elufSng with 20- 
50% EtOAc /hexane, to give the aziridine (1.044 g, 84%). (360MHz ^H, 5- 
CDCas) 1.30 (2H, mX 1.73 (2H, m), 2.24 (2H; m), 2.44 (2H, m), 2.80 (2H, 
m), 3,97 (6H; s), 3.59 (2H, m), 3.90 (3H, s), 6,56 (IH, s), 7,15 (SH, m), 7.43 
(2H, m), 7.S2 (IH, m), 7.58 (XBi, m). MS (ES+) 481, MH+ 
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intermediate C 




Prepared as described in WO 02/36556, Example 83, starting jfrom 
homochizal 24Lydra:!^-6,6,7,8,9404iexahydTO 
5 methariobeiizoGallSlamnilea-ll^^ obtained as described in Step 1 of the 
above Intermediate B preparation. 

Intermediate D 



10 Sten 1 

Methylamine (2,0M ia methanol, 6 ml, 12 mmol) was added to a stirred 
solution of (± )-bfOino(4r-flluorophenyl)acetic acid (1.5g, 6.4 mmol) in 
methanol (4 rol) at 0<»C. The cooling bath wa,s x&cdovdd and Iths reaction. 
15 was stirred at room temperatore for 3 hotxTB. llie reaction znixture was 
eraporated and lihe residuB was crystallised Cmethauol/Water) to give the 
amino acdd (795 mg, G7% in two batches) as a colourless solid. (40QMHz 
iH, 6-D2O) 2,61 <8H, s), 4.62 (IH, a), 7.24 C2H, t, J=8.8 Hz), 7.46-7.49 C2H. 
m). 

20 



Step 2 





1 
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Sodiimi nitrite (250 mg, 3.6 nmol) was added portianwLse to a stirred 
suspension of Hie amino acid firom Step 1 (32S mg, l.S mmol) in water (1 
ml) and concentrated hydrochloric acid (0.3 ml) at Q<^C. After 1 hour 
diethyiether (1 ml) was added, then after an additional 5 hours at QoC, 
5 water (5 ml) was added and the wixture was extracted with 

dichloromethane Cx4X The combined estaracts were dried (Nbq&O^l), filtered 
and evaporated to give Cl^C4-flnozophen7l)(l-metlQrl-2K»sohydrazinQ)ac^ 
add (320 mg, 84%) as an oil. (400MTT?s ^H, 6-CDCI3, 1,5:1 mixture of 



isomers) 2.95 (1,8H. s), 3,69 (1.2H, a), 6.20 C0.4H, s), 6.71 (0.6H, s), 7.12- 
10 7-17 (2H, m), 7.28-7.31 (0.9H, m), 7.37-7-40 (1,1H, m), 8.3 (IH, br s). 



15 TrifLuoroaceiic anhydride (225 |jQ, 1.6 mmol) was added to a stirred 

solution of the prodwt of Step 2 (320 mg, 1.6 mmol) in dry diethyl ether 
(15 jnl) at 0«C under nitrogen. After 3 hours the precipitate was collected 
by filtration to give the title compound (124 xng, 43%) as a colourless solid. 
A further sample (50 mg, 17%) was obtained by evaporation of the filtrate 

20 and purification of the residue by chromatography on silica, eluting^ with 
1:1 ethyl acetate/hexanes. (SeOMHz? iH, 6-GDCIa) 4-12 (3H, 5), 7.20 (2H, t. 



Step 3 

4-(4-fluoroph©nyl)-8-methyl-l,2,3-<»s:adiazol-3-ium-5-ola.te 




J=8.6 Hz), 7.55-7-59 (2H, m). 




St6n4. 

5-(4-fluorophenyl)-l.methyl-^(tributylataimyl)-lZr^ 




A solution of the product from. Step 3 (120 mg, 0-62 mmol) aad 
ethynyltributyltiii (360 id, 1.2 mmol) in /re-xyleu© (750 jil) was heated at 
140*0 under tdfrogen for 36 hotLTS. The reaction roixture diluted -witii 
tolueue and loaded directOly onto a. silica Cdhamn. ElutLon ^tb 5 to B% 
5 ethyl acetate/hezanesgarvre the thie compound (63 mg-, 2 

(400MHz iH, 8-GDCI3) 0.90 (9H. t. J=:7^ Hz), 1.08-1.12 (6H, ni>, 1.30.1.39 
C6H, m), 1,56-1.61 (6H, m), 3.90 (SH, ^, 6-33 (IH, s), 7.11-7.15 (2H, m). 
7.36-7.40 (2H, m). 

10 Etsamplel 




A solution of Intermediate B (96 mg, 0.2 znmol) and aHylamine (114 mg; 
2-0 mmoD ia DMSO (2 mL) was stirred and lieated at lOO^C in a sealed 
tube for 16 hours. After coolmg-, water (10 mL) was added, tibie reaction 
15 w&a extracted with EtOA^ and the combined organic esctracts were 

waahed -with brine, dried (IMigSO^), filtered and evaporated. The residue 
was purified by chromatography <jn silica, eluting with 20-30% EtOAc / 
heKano, to give the title compound (82 mg, 84%). {360MEb 6-CDCJI3) 
1.35 (2H, ro), 1.68 (2H, m), 2.42 (2H, sn), 2.74 (2H, m), 3.19 (4H, m), 3.69 
20 (2H, d, J=6.4 Hss), 3.90 (8H, s), 4.68 (IH, b), 6.28 (IH, d, J=10.3 Hz), 5.34 
(IH, d, J=16.6 Hz), 5.90 (IH, m), 6.56 (iH. s), 7.15 (3H, m), 7.44 (2H, m), 
7.52 (IH, m). 7.59 (IH, m). MS CES+) 493, MH+. 

Examples 2-10 

25 The compoimds in table 1 were prepared firom latemiediate B by the 

method of Example 1 sttbetitating the appropriate amine for aUylamise. 



1 
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Example 11 




The procediure of Escampl© 1 was repeated^ substitutiiig 
p-methossybenzylajooine for allylanune* 

A solution of the resultnig auIfaiDide (78 mg, Q,2 mmol) in TFA (2 mL) was 
stirred at room temperature for 3 tours. The reaction was concentrated in 
vacuo and saturated sodiinn bicarbonate solution (10 mL) was added. The 
mixture was e:actracted with DC7M, the combined oiganic extracts were 
washed with hrine, dried (MgSO*), filtered and evaporated. The residue 




was pTTxiELed hy diromatogxaplLy on silica^ elutLn]? with 40-60% EtOAc/ 
hsxaxLB, to give the desired product. (49 xag, 80%). (360MHz ^H, S-CDCI3) 
1,87 m), 1.6S (2H, m), 2.42 (2H, m), 2,79 (2H, m), 3.24 (2H, m), 3.38 
(2H, d, J=7.4 KsX 3.90 C3H, s), 4,66 (IH, t, J^7.2 Hz), 4.60 ClH, s), S.56 
5 (IH, s), 7.16 (3H, m), 7.44 (2H, mX 7,53 (IH, m), 7*60 <1H, m). MS (ES+) 
453, MH+ 

Exaxuple 13t 




10 and 

Example 13 




15 A XDisture of Interraediate C (500 mg;, 1.3 mmol) and N-fluoropyridinium 
triflate (500 mg:, 2.0 xamol) ia l,2-dichloroethan6 (8ml) was heated at 
reflux for 16 hours, ihen. cooled to room temperature and coucecQtrafced in 
vacuo. The residue was diluted with water (30 ral) and extracted with 
dichloromethaxxe (3 x 20 xaiX The oi^anics were dried CMfeSOi) pt i^? 

20 evaporated in vacuo to give a red foam (496 togX The foam was purified 

by chromatography on SiO^ [1% ethyl acetate/dichloromethane] to give ttie 
fluorophenols as a mixture of r^oisomers (272 mg, 53%). MZZ ES- (393) 
(M-1)-. 
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A solution of the ieoiriBric fhxoTOjpliemAa (202 mg, 0.51 mmol) in pyridine (5 
ml) at 0<}, xmder a Jdiirogen ataBOsphere, was treated with 
trifhwrometiianesiiHam^ anhyxiride (170 /il, 1-0 xmnol) ajad the itdxture 
was stirred at 0°C for 2 hours. The reaction was diluted with hydrodhloiic 
6 aeld (IN, SO xol) aad extracted with ethyl acetate (2 x 40 ml). The oiganics 
were washed with brine, diied (MgSO*) and evaporated in vmuo to a 
gumxay foam (254 mg). The foam was pacified by chromatosrapihy on. SiOs 
[15% ethyl acetat^u^ohesane] to give the triflates as a mixfcttrd of 
regioifiomers (173 mg, 66%). M/Z ES+ (527) (MH)+ 

10 

gtepa 

A jxuxture of the triflates frona Step 1 (97 mg, O.IS mmol), intorraediate D 
(86 mg, 0,18 mmoD and lithium cMoxide (2S mg, 0*54 mmol) in dio2sane (2 
ml) was degassed 1:^ a stream of nitn^en for 10 xaxaates. 
15 TtetraMB(tripaienyii)3iosphiiie)paUadium(0) (23 mg, 0.02 mmol) was added 
and folUnving a forthGt 10 miautes of degassing the reaction was stirred at 
100»C for two and a half hoairs. After cooUng to room temperature, more 
tetrakisCtriphenyIphosphiais)palladiumaCO) (23 mg, 0,02 mmoD was added, 
the reaction was degassed for 10 minutes, then heated at 100»C for 16 
20 hours. The reaction wag diluted with sodium bicarbonate (sat, 15 ml) and 
ethyl acetate (20 ml) and the noixtape was filtered tOirough a bed of Btyflo®. 
The phases were separated and the aqneoaa extaracted with ethyl acetate 
(20 ml) The organics were washed wifli hxine, dried (MgiSO*) axtd 
evaporated in vaeuxt to an oraDee/hFowxL foam which was purified by 
25 chromatography on Si02 [ethyl acetate«aohexane 1:2] to give Example 12, 
less polar on SiOa, as a white foam (23 mg, 23%) M/2 ES-i- (553) CMH)* and 
Example IS, more polar on SiOa, as a white foam (52 mg, 62%) MiZ ES+ 
(553) (MH^. 



30 Sacamikld 14 




The enantiomer of Xatexmediate C was prepared by the same method as 
5 Intemiediate starting with the fir^-eluted enantiomer obtained from 
the resolution described in Step 1 of the pxeparation of Intermediate B. 
Aqueous sodium hypochlorite (4%, 25 g) was added dropwise to a cold (O'^C) 
solution of the enantioiner of Zntexmediate C (5.0 13.3 mznoD, sodium 
iodide (2.0 g, 13.3 mmoD and sodium hydroxide (532 mg, 13.3 mmol) in 

10 methanol (200 ml). The mixture was stirred at 0^ for 2 hours, then 

treated with sodium thiosulfkte (10% wAr, 200 ml), neutralised (IN HCl) 
and concentrated in vcunio. The residue was extracted with ethyl acetate 
(4 X 200 ml), and the organics washed with brine, dried CMgS04) and 
evaporated in vacuo to a yellowish solid (7.25 g) which, was purified hy 

15 chromatography on SiCfe 15% ethyl acetate/dichloromethane] to give the 
desired iodide as a white foam (5,4g. 81%) MZZ ES- (501) CM-ED". 



Step2 




20 A mixture of iodopheuol fiiom Step 1 (502 mg, 1 mmol), pinacolborane (540 
111, 3.7 mmol) and triethylamine (0.46 ml, 3.2 imnol) in dioxane was 
degassed via a stream of nitrogen, [l.r-bis(diphenylphosphino)ferrocene]- 
dichloropalladrumCn) dichloromethane adduct (27 mg, 0-04 mmoD was 
added, and following a further period of d^assing the reaction was heated 

25 at 80oC for 16 hours. Further triethylamine (0.45 ml, 3.2 mmol), 

pinacolborane (540 ^d, 3,7 mmol) and Pd catalyst (27 mg, 0.04 mmol) were 
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10 



15 



20 



added, and feUawing a period of d^a^ the reaction was heated at SOc'C 
&T24bcurs. ^"action waacooledtoroomtemperature, diluted 
6thylacetate(30nil)todwashedwithHCiaN,3xl5inl). Theorganics 
ware washed with brine, dried (MgSO^I sjxd evaporated in t^cuo to a 
brown gum (640 mg) whioh was purified by filfa^tion through a pluff of 
silica and trituration with hot h««ne to give a brown sofid (346 mg, 69%) 
Mi2BS-(501)(M-l)-. 

Steps 




A nu^e of the boronate from Step 2 (50 mg, 0,1 mrnol), latexxnediate A 
C32 mg, 0.1 mmol) and potaaeinm phosphate (46 mg, 0.2 mmol) in DMP 
was degassed via a stream of nitrogen. 

Tetrakia(triphanylphosphiae)pa]ladimn(0) (6 mg, 5.2 nnnol) was added 
and followiiig a further degassing the inaction was heated at ICQoC, under 
«dcn,w«ve irradiation, for 10 nunutofl. The xeactipn was diluted with HCl 
OJT, 10 ml) and e^cted with diethyleth«r (2 x 30ml). The organiea 
waahed with water (2 ^ 30 ml) and brine, dried QdgSO^ evaporated 
vacuo to a brown gum (84 mg> which was purified by column 
diromatography on silica [2% ethyl acetate/dichlonmiathanej to give a 
white solid (2.6 mg, $%) mz ES- (551) (M-l)-. 
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